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Introduction
The word symbiosis is from the Greek meaning “living together”, but present usage means two dissimilar 
organisms living together for mutual benefit. Ecologists prefer to use the term mutualism for this. The significance 
of symbiosis and its crucial role in coral reef function is becoming increasingly obvious in the world’s warming 
oceans. A coral colony consists of numerous coral polyps, each like a tiny sea anemone that secretes calcium 
carbonate to form the hard skeletal part of coral. The polyps succeed in developing into a coral colony only by 
forming a symbiotic relationship with a free-living yellowish brown algal cell that has two flagella for locomotion. 
These cells penetrate the coral tissue (the flagella drop off) to live in the inner layer of the coral polyps collectively 
as zooxanthellae and give the yellowish brown color to the coral colony. As plants, they use the carbon dioxide 
and water from the respiration of the polyps to carry out photosynthesis that provides oxygen, sugars, and lipids 
for the growth of the coral. All this takes place within a critical range of sea temperature. If too warm or too cold, 
the coral polyps extrude their zooxanthellae and become white (a phenomenon also termed “bleaching”). If the 
sea temperature soon returns to normal, the corals can be reinvaded by the zooxanthellae and survive.
The current scientific community generally agrees that if the warming of our planet from the burning of fossil 
fuels continues, along with deforestation, our coral reefs are doomed. The corals of the magnificent Great Barrier 
Reef of Australia are beginning to die, and with them all the dependent marine life will likely perish. We should 
learn all we are able about the biology of coral reefs. A long list of relevant publications on the ecology of coral 
reefs, especially with respect to fishes, is given below in References. The following are among the more important 
papers that report on symbiosis on coral reefs, especially in relation to fishes: Ormond (1980a, 1980b), Diamant 
& Shpigel (1985), and Bshary et al. (2006).
Knowing that my colleague Arik Diamant in Israel has photographs of different species of fishes that forage 
together, as well as fishes with octopus, I suggested that we join forces and present the best photos we can find to 
illustrate symbiosis in fishes. We have assembled 27 photographs for this article.
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The iconic symbiotic association that comes to a biologist’s mind is often that of an anemonefish and its host 
sea anemone (Fig. 1). The advantage to the anemonefish is obvious; the stinging cells of the anemone tentacles 
dissuade a predaceous fish from trying to make a meal of the anemonefish (which is protected by a mucus that 
prevents the anemone’s stinging cells from firing). But what is the advantage of the partnership to the anemone? 
Drop a small object, such as a shell fragment or piece of seagrass, onto its tentacles and see what happens– the 
anemonefish will promptly remove it. More important, there are predaceous fishes, notably species of the filefish 
family Monacanthidae and the striped butterflyfish Chaetodon fasciatus (Chaetodontidae), that feed on anemones. 
Despite their small size, anemonefishes usually succeed in driving such sea-anemone predators away.
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Figure 1. The Clown Anemonefish Amphiprion ocellaris Cuvier and its host, the Magnificent Sea Anemone Heteractis 
magnifica Quoy & Gaimard, photographed at Stephanie Island, Wayag Islands, Raja Ampat Regency, West Papua, Indonesia. 
The translucent whitish color of the tentacles of the anemone is the probable result of recent warming of the sea causing the 
expulsion of its zooxanthellae (J.E. Randall).
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Figure 2.  Five initial-phase Blunthead Wrasse, Thalassoma amblycephalum (Bleeker), appear to enjoy the same immunity 
from being stung by the tentacles of the large anemone, Heteractis magnifica (Quoy & Gaimard), as an anemonefish, at 
the island of Rinca in the Lesser Sunda Islands, Indonesia. Fautin & Allen (1992: 5) wrote that the wrasse makes only 
brief contact and is not dependent on the anemone. True, the wrasse is usually free-living, but its proximity to the anemone 
provides protection from predation, and it probably feeds on larval  fishes and the larger invertebrates of the zooplankton 
that have been killed or adversely affected by contact with the anemone tentacles (J.E. Randall).
Figure 3. The three striped labrid fishes in the proximity of anemone tentacles were first identified as large individuals of the 
initial phase of Thalassoma ambycephalum. Noting the presence of a narrow ventral black stripe on the body and the more 
anterior orange coloration, we now believe it to be a possible new species of Thalassoma. The fourth wrasse is a juvenile 
Thalassoma lunare (Linnaeus). Photo taken at the Indonesian island of Rinca between Komodo and Flores (J.E. Randall).
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Figure 4. The porcellanid crab Neopetrolisthes maculatus has been regarded as a commensal of large sea anemones (as by 
Colin & Arneson [1995], Gosliner et al. [1996], and Humann & DeLoach [2010]). However, the first author observed this 
one at the island of Ambon, Indonesia nipping off the tips of anemone tentacles, alternately with each cheliped, and taking 
them to its mouth. We therefore change its role with respect to the anemone as a parasite (J.E. Randall).
Figure 5. The Mushroom Coral Heliofungia actiniformis first develops on a coral reef, but detaches and becomes a solitary 
coral on the sea floor.  It often harbors the slender white pipefish Siokunichthys nigrolineatus Dawson (to as many as nine), 
as in this photo from Ambon, Indonesia.  The fish species name refers to the oblique line that passes through the eye; it is red, 
not black, in life.  Bos (2011) cited seven different gobies and wrasses as occasional inquilines of the coral (J.E. Randall).
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Figure 6. The Steephead Parrotfish Chlorurus microrhinos (Bleeker), photographed here at Enewetak Atoll, Marshall 
Islands, is in symbiotic association with coral. As an “excavator” parrotfish, this species bites deeply into the substrate. Only 
a portion of its diet is live coral, in general, most of its grazing is on algae (Bellwood & Choat 1990). It benefits the coral 
reef by removing algae that can kill coral by overgrowth. In addition, its powerful beak-like jaws bite into the limestone 
substratum, creating new surfaces for settlement of coral larvae. The ingested limestone fragments are ground into fine sand 
by its unique pharyngeal dentition, at the same time triturating the algae to make it more digestible. At some localities, such 
as the Cayman Islands, sheltered in the Caribbean Sea, most of the sand is created by parrotfishes (J.E. Randall).
Figure 7. An aggregation of the Bluegreen Chromis, Chromis viridis Cuvier in C. & V., on a colony of coral of the genus 
Acropora, photographed in the northern Red Sea. The coral provides shelter for the damselfish, and the excretions of the fish 
contain nutrients that are utilized by the coral (A. Diamant).
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Figure 8. The Chevron Butterflyfish, Chaetodon trifascialis Quoy & Gaimard, photographed at Johnston Island during the 
day (upper) and at Enewetak Atoll, Marshall Islands at night (lower), feeds on polyps of coral of the genus Acropora. The 
species was formerly classified in the genus Megaprotodon, now a subgenus. It is the most aggressive species of the genus 
in protecting its private territory of live coral from other coral-feeding species of fishes (J.E. Randall).
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Figure 9. The Blackmargin Damselfish, Dascyllus marginatus (Rüppell), is symbiotic with the coral Stylophora pistillata 
in the Red Sea (also reported from Oman). It nestles among branches of the coral an average of 26% of the time during the 
day, and all of the night. Its excretions include nutrients rich in nitrogen and phosphorus that are utilized by the coral. The 
fish removes debris from the coral, helps facilitate water turnover between the branches, and protects it from coral-feeding 
fishes, such as species of Chaetodon, as well as the Crown-of-Thorns Starfish, Acanthaster planci. Coral colonies inhabited 
by fish grow faster and produce more ova than coral without associated fish (Garcia-Herrera et al. 2017). In the lower part 
of the coral, where the damselfish resides at night, a low level of oxygen is prevented by current created from vigorous 
movements of its fins while the fish remains stationary (Goldschmid et al. 2004) (J.E. Randall).
Figure 10. The Lined Triplefin, Helcogramma striatum Hansen, photographed here in the Ogasawara Islands of Japan, 
resides symbiotically with live coral. It ranges from Sri Lanka to Fiji. It is one of a multitude of small fishes that may be 
found on live coral, including other tripterygiids of the genera Ceratobregma, Enneapterygius, Norfolkia, Springerichthys 
and Ucla; gobies of the genera Bryaninops, Discordipinna, Eviota (112 species at present), Gobiodon, Paragobiodon, 
Pleurosicya, Priolepis, and Trimma. Some blennies of the genera Atrosalarias, Cirripectes, Ecsenius, Meiacanthus, and 
Petroscirtes are coral inquilines, and Exallias brevis feeds on coral (J.E. Randall).
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Figure 12. The frogfish Antennarius commerson (Latreille), photographed in Kona, Hawai‘i, is obviously a long-term 
resident of this colony of Porites lobata (note the posterior gap that it normally fills); one pelvic fin leans on the tip of a 
branch of Pocillopora meandrina. This species can also be totally bright yellow, nearly totally red or black, or variously 
mottled. It is wide-ranging in the Indo-Pacific, and is reported from the tropical eastern Pacific (J.E. Randall).
Figure 11. The diminutive Speckled Scorpionfish, Sebastapistes coniorta Jenkins, is typically found well hidden among the 
branches of Pocillopora meandrina; the largest specimen of the fish is only 9.4 cm. Endemic to the Hawaiian Islands and 
Johnston Island (this photo from Kona, Hawai‘i).  Feeds mainly at night on benthic crustaceans (J.E. Randall).
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Figure 13. The juvenile (upper) and adult (lower) of the Blackside Hawkfish, Paracirrhites forsteri (Bloch & Schneider) 
are nearly always found in close association with live coral, more in outer reef than protected reef areas; ranges throughout 
the Indo-Pacific region from the Red Sea and East Africa to the Hawaiian Islands and Pitcairn Islands; in the western Pacific 
from New South Wales to Japan.  Feed mainly on fishes, occasionally on crustaceans (J.E. Randall).
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Figure 14. The goby Amblyeleotris yanoi Aonuma & Yoshino and its symbiotic partner, the snapping shrimp Alpheus 
randalli Banner & Banner, in Bali, Indonesia. The shrimps, usually found in a male-female pair, construct and maintain a 
burrow that is shared with the goby. The latter, with its superior vision and lateral-line sensory system, serves as the sentinel. 
The lower photograph, taken the next day, shows one shrimp sending sand flying away from the surplus near the burrow 
entrance by the action of its swimmerets (J.E. Randall).
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Figure 15. This Green Sea Turtle, Chelonia mydas (Linnaeus), in Puako, Hawai‘i, swam to a group of Yellow Tang, 
Zebrasoma flavescens (Bennett), that proceeded to feed on algae growing on the turtle, especially the neck, where it must 
have impeded movement of its head. If allowed to grow unchecked, the algae will slow the swimming speed of the turtle 
and make it more vulnerable to predation. We wonder why we see so little algae and other marine growth on the turtle’s 
carapace, suggesting that it is so smooth that a coral larva or algal spore may have difficulty attaching (M. Roberts).
Figure 16. A Green Sea Turtle, Chelonia mydas (Linnaeus), in Negros, Philippines, being “cleaned” by the damselfish 
Pomacentrus brachialis Cuvier in C. & V. (C. Holdt).
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Figure 17. This Big Blue Octopus, Octopus cyanea Gray, observed in the Gulf of Oman, is probably having skin parasites 
removed by the damselfish Neopomacentrus miryae Dor & Allen (J.E. Randall).
Figure 18. The Scalloped Hammerhead, Sphyrna lewini (Griffith & Smith), at Cocos Island, Costa Rica, having its external 
parasites removed by a trio of King Angelfish, Holacanthus passer Valenciennes (A. Klapfer).
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Figure 19. This meter-long Great Barracuda, Sphyraena barracuda (Edwards), swam within touching distance of the 
photographer enroute to a shallow reef of the marine reserve at Bonaire, where it opened its mouth. A Yellownose Goby, 
Elacatinus randalli (Böhlke & Robins), accepted the invitation and swam to the jaws, where it commenced feeding on 
ectoparasites (chiefly larval gnathiid isopods). The two calagid copepods attached anteriorly on the side of both jaws appear 
too large to be prey for the cleaning goby (J.E. Randall).
Figure 20. The grouper Plectropomus leopardus (Lacépède) having parasites removed by a pair of Cleaner Wrasses, 
Labroides dimidiatus (Valenciennes in C. & V.), at Heron Island on the Great Barrier Reef of Australia (J.E. Randall).
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Figure 21. Two goatfish, Parupeneus cyclostomus (Lacépède), the emperor Lethrinus microdon Valenciennes in C. & V., 
the snapper Lutjanus decussatus (Cuvier in C. & V.), and the jack Caranx melampygus Cuvier in C. & V. foraging together 
near the wreck of the ASAT Liberty in Bali, Indonesia (J.E. Randall).
Figure 22. The Greasy Grouper, Epinephelus tauvina (Forsskål), and the Grey Moray, Gymnothorax griseus (Lacépède), 
foraging together in the northern Red Sea. Physical contact between the partners is frequent (A. Diamant).
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Figure 23. A Big Blue Octopus, Octopus cyanea Gray, is seen here as it forages in the northern Red Sea, closely tailed by two 
goatfishes, Parupeneus cyclostomus and P. macronema, both described by Lacépède, and a Blacktip Grouper, Epinephelus 
fasciatus (Forsskål). In this symbiosis of cooperative foraging, hidden prey trying to escape the probing tentacles of the 
octopus are often captured by the highly attentive fishes, which, in turn, discourage prey from fleeing the crevices as the 
octopus approaches. The octopus feeds mainly on gastropods and pelecypods, but occasionally captures small fishes (A. 
Diamant).
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Epilogue 
Remembering our success in saving the American Bison and the California Condor from extinction, we should 
endeavor to do the same for threatened endemic marine fishes and invertebrates. Support should be provided 
to rear endemic marine life in aquaria. The State of Hawai‘i should be among the first to consider such a 
conservation project. Twenty-five percent of the reef and shore fishes of the Hawaiian Islands are endemic, the 
highest proportion for any island region in the world. Hawai‘i’s most widely exported reef fish, the Yellow Tang 
(Zebrasoma flavescens), though not endemic, has been successfully reared from the egg, as has a wide variety of 
other families of reef fishes. The Hawai‘i Larval Fish Project by Frank Baensch’s Reef Culture Technologies has 
now successfully cultured 37 species of Hawaiian fishes (http://www.rcthawaii.com).
Acknowledgments
The authors thank Christa Holdt, Michael Roberts, and Avi Klapfer for their exceptional photographs that 
illustrate symbiosis in the sea. Comments by Arthur Bos, Mark Hixon, Robert Myers, and Rupert Ormond are 
greatly appreciated. We are indebted to Mark Hixon and Helen A. Randall for assistance with references. We are 
most grateful to the editor, Benjamin C. Victor, who declined our invitation to join as an author, in view of his 
substantial contribution to the paper.
Figure 24. Two species of groupers, the drab Redmouth Grouper, Aethaloperca rogaa, and the blue-spotted Coral 
Hind, Cephalopholis mineata, both described by Forsskål, have converged with the Yellow-edged Moray Gymnothorax 
flavimarginatus (Rüppell) to prey on the Lyretail Anthias Pseudanthias squamipinnis (Peters) in the northern Red Sea. Some 
color of the Anthias prey may be seen between the two Coral Hinds; a second Redmouth Grouper is visible only by part of 
the caudal fin at the upper left (A. Diamant).
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